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SEROTONIN-LIKE 9-SUBSTITUTED
HYPOXANTHINE AND METHODS OF USE

CROSS-REFERENCES

This application claims priority from Provisional Appli-
cation Serial No. 60/084,023, entitled “Novel Serotonin-
Like 9-Substituted Hypoxanthine and Method of Use,” by
Alvin J. Glasky, filed May 4, 1998, incorporated herein 1n its
entirety by this reference.

FIELD OF THE INVENTION

The present mnvention 1s broadly directed to purine based
compounds. More particularly, the present invention 1is
directed to a novel purine analog having activity involving
the serotonin neurotransmitter system in addition to other
physiological activities and to associated methods of use.

BACKGROUND OF THE INVENTION

The efficacy of many contemporary pharmaceutical com-
pounds 1ntended to treat neurological and physiological
conditions 1s limited by their mability to cross the blood-
brain barrier. As a result, large molecules that may have
neurological activity cannot be administered orally or
through i1njection into the bloodstream because the blood-
brain barrier serves as a filter to keep these molecules from
leaving the bloodstream and entering the brain and spinal
cord. Currently there are three alternative approaches to
achieving blood-brain barrier access. The first 1s to introduce
pharmaceutical compounds by direct injection into the brain
through the skull. While such treatments have demonstrated
some success the possibility of infection coupled with the
complexity and expense of such procedures have limited
their practical usefulness. Additionally, there 1s resistance
among many patients to the administration of such injections
directly into the skull. The second approach involves the
utilization of chemical agents which temporarily break down
the blood-brain barrier in order to allow molecules to enter
the central nervous system. At present, this approach is in the
very ecarly stages of development and carries with it the
potential for allowing molecules of all sizes (including
undesirable compounds) to cross the blood-brain barrier.
This approach, unless and until 1t can be refined to allow for
oreater selectivity 1n crossing the blood-brain barrier, carries
with 1t serious risks. The third approach, pioneered by the
present 1nventor, mmvolves developing small molecules
which can mimic the activities of bioactive molecules yet
can pass through the blood-brain barrier following oral
administration or administration through injection into the
bloodstream.

Therefore, there 1s a need for the development of small
molecules that can mimic physiological activities of bioac-
five molecules and can cross the blood-brain barrier effi-
ciently without requiring complete degradation of the blood-
brain barrier.

It 1s accordingly an object of the present invention to
provide such compounds which can either mimic the actions
of molecules normally unable to cross the blood-brain
barrier or which can stimulate other, unexpected physiologi-
cal activities.

It 1s an additional object of the present invention to
produce pharmaceutical medicaments configured from such
compounds and to provide methods for using these phar-
maceutical compositions to treat a variety of physiological,
neurological, and psychological disorders and disease con-
ditions.
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2
SUMMARY

I have found that novel 9-substituted hypoxanthine
derivatives have unexpected properties and have monoam-
ine oxidase mhibitor activity.

One embodiment of the present invention 1s a
9-substituted hypoxanthine derivative of formula (I)

(D

Ro

where n 1s an 1nteger from 1 to 6, R, 1s selected from the
group consisting of H, COOH, and COOW,, where W,
selected from the group consisting of lower alkyl, amino,
and lower alkylamino, and R, 1s selected from the group
consisting of H and OH.

Preferably, n 1s 2. When n 1s 2, one particularly preferred
9-substituted hypoxanthine derivative is N-(2-(5-
hydroxyindol-3-yl)ethyl)-3-(6-oxohydropurin-9-yl)
propanamide, where n 1s 2, R, 1s H, and R, 1s OH; this
compound 1s designated AI'T-202. Another particularly pre-
ferred 9-substituted hypoxanthine derivative is N-(2-(indol-
3-yl)ethyl)-3-(6-oxohydropurin-9-yl)propanamide, where n
1s 2, R, 1s H, and R, 1s H; this compound 1s designated
AIT-072. Still another particularly preferred 9-substituted
hypoxanthine derivative is N-(1-carboxyl)-(2-(5-
hydroxyindol-3-yl)ethyl-3-(6-oxohydropurin-9-yl)
propanamide, where n 1s 2, R, 1s COOH, and R, 1s OH; this
compound 1s designated AI'T-111.

Another aspect of the present invention 1s a pharmaceu-
tical composition comprising;:

(1) an effective amount of a 9-substituted hypoxanthine

derivative according to the present invention as
described above; and

(2) a pharmaceutically acceptable carrier.

Yet another aspect of the present invention 1s a method of
freating a disease or condition 1n a mammal treatable by
inhibiting the activity of a monoamine oxidase comprising
the step of administering an effective amount of a
O-substituted hypoxanthine derivative according to the
present 1nvention to the mammal.

Still another aspect of the present invention 1s a method of
treating obesity in a mammal comprising the step of admin-
istering an effective amount of a 9-substituted hypoxanthine
derivative according to the present mvention to the mammal.

An additional aspect of the present invention 1s a method
of lowering the level of serum cholesterol iIn a mammal
comprising the step of administering an effective amount of
a 9-substituted hypoxanthine derivative according to the
present 1nvention to the mammal.

Yet another aspect of the present invention 1s a method for
increasing the level of HDL cholesterol in the blood serum
of a mammal comprising the step of administering an
ciiective amount of a 9-substituted hypoxanthine according
to the present invention to the mammal.

BRIEF DESCRIPTION OF THE DRAWINGS

The following invention will become better understood
with reference to the specification, appended claims, and
accompanying drawings, where:
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FIG. 1 1s a diagram of a thin-layer chromatogram of the
crude product from the synthesis of N-(2-(5-hydroxyindol-
3-yDethyl)-3-(6-oxohydropurin-9-yl)propanamide of
Example 2; chromatography was performed 1n 20% metha-
nol in ethyl acetate, with visualization by ultraviolet light;

FIG. 2 1s a graph showing the effect of 150 uM of
N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-oxohydropurin-9-yl)
propanamide on the catalytic activity of monoamine oxidase
A/B; the reaction mixture contamned 150 uM substrate
(tyramine) and 0.22 mg/mlL mitochondrial protein;

FIG. 3 1s a graph showing the effects of increasing
concentrations of N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide on the activity of

monoamine oxidase A/B; concentrations tested were 0 uM,
2 uM, 10 uM, 20 uM, and 100 uM; the reaction mixture

contained 166 uM substrate (tyramine) and 0.24 mg/mL
mitochondrial protein;

FIG. 4 1s a graph showing the effects of increasing
concentrations of N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide on the weight of obese
mice during a 14-day course of treatment; and

FIG. 5 1s a graph showing levels of total serum cholesterol

and HDL cholesterol 1n serum 1n rats fed a high cholesterol
diet treated with bezafibrate or with N-(2-(5-hydroxyindol-
3-yl)ethyl)-3-(6-oxohydropurin-9-yl)propanamide.

DETAILED DESCRIPTION

These and other objects are achieved by the novel phar-
maceutical composition and associated methods of the
present 1nvention which provide a novel 9-substituted
hypoxanthine based composition which 1s able to cross the
blood-brain barrier and which can 1mpact a variety of
physiological and psychological systems.

In general, 9-substituted hypoxanthine-based compounds
according to the present invention have the structure shown
in Formula (I), where n 1s an integer from 1 to 6, R, is
selected from the group consisting of H, COOH, and
COOW,, where W, selected from the group consisting of
lower alkyl, amino, and lower alkylamino, and R, 1s selected
from the group consisting of H and OH. “Lower alkyl,” in
the context of this disclosure, means a saturated alkyl group

of from 1 to 6 carbon atoms. It 1s generally preferred that n
1s 2.

Three particularly preferred compounds according to the
present invention are: (1) N-(2-(5-hydroxyindol-3-yl)ethyl)-
3-(6-oxohydropurin-9-yl)propanamide, where n=2, R, 1s H,
and R, 1s OH, designated AIT-202; (2) N-(2-(indol-3-yl)
ethyl)-3-(6-oxohydropurin-9-yl)propanamide, where n=2,
R, 1s H, and R, 1s H, designated AI'T-072; and (3) N-(1-
carboxyl)-(2-(5-hydroxyindol-3-yl)ethyl-3-(6-
oxohydropurin-9-yl)propanarnide, where n=2, R, is COOH,
and R, 1s OH, designated AI'T-111.
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More speciiically, the present invention provides a novel
purine analog, N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide, which, in a broad aspect,
can be viewed as analogous to hypoxanthine chemically
linked to a serotonin analog. Surprisingly, this compound
exhibits functional features of both hypoxanthine and sero-
tonin. As a result, 1t 1s able to pass through the blood-brain
barrier following oral administration or administration
through injection into the bloodstream and, because of the
structural similarity of a portion of this compound to
serotonin, 1t exhibits physiological activity involving the
serotonin neurotransmitter system. Thus, it can function as
an anti-depressant compound and 1n the treatment of obesity.
Additionally, and quite unexpectedly, it also exhibits the
ability to lower cholesterol levels and to increase HDL levels
in animals. Exemplary dosages in accordance with the
teachings of the present invention range from 0.01 mg/kg to
60 mg/kg, though alternative dosages are contemplated as
being within the scope of the present mnvention.

Compounds according to the present invention, including
N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-oxohydropurin-9-yl)
propanamide, can be synthesized by a number of proce-
dures. In general, these procedures involve coupling a purine
moiety and a serotonin moiety. One of these moieties bears
the linker that couples the purine moiety and the serotonin
moiety.

One particularly suitable procedure involves: (1) forma-
tion of a N-hydroxysuccinimide (NHS) ester of a derivative
of hypoxanthine that has a carboxyl moiety substituted at the
9-position of hypoxanthine using a coupling agent such as a
carbodiimide; and (2) reacting the NHS ester directly with
the serotonin to link the hypoxanthine moiety with the
serotonin moiety through the appropriate linker. This
method 1s further described in Examples 1 and 2 for the
synthesis of N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide. The method can be used
for synthesis of other compounds according to the present
invention by varying the starting materials used.

The use of carbodiimides as coupling agents to form such
NHS esters 1s well known 1n the art. A preferred carbodi-
imide is dicyclohexyl carbodiimide (DCC), but other car-
bodiimides are well known 1n the art and can be used. DCC
1s particularly suitable 1f the coupling reactions is to be
performed 1n an organic medium. If the coupling reaction 1s
to be performed 1n an aqueous medium, other, water-soluble
carbodiimides such as 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC) and 1-cyclohexyl-3-(2-morpholinyl-4-
ethyl)carbodiimide (CMC) can alternatively be used.

Suitable dosages can be chosen by the treating physician
by taking into account such factors as the size, weight, age,
and sex of the patient, the physiological state of the patient,
the severity of the condition for which the compound is
being administered, the response to treatment, the type and
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quantity of other medications being given to the patient that
might interact with the compound, either potentiating 1t or
inhibiting 1t, and other pharmacokinetic considerations such
as liver and kidney function.

Another aspect of the present invention 1s pharmaceutical
compositions. A pharmaceutical composition according to
the present invention comprises:

(1) a 9-substituted hypoxanthine-based compounds
according to the present invention, as described above;
and

(2) a pharmaceutically acceptable carrier.

Preferably, the 9-substituted hypoxanthine-based com-
pound is N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide.

The pharmaceutically acceptable carrier can be chosen
from those generally known i1n the art, including, but not
limited to, human serum albumin, 1on exchangers, alumina,
lecithin, buffer substances such as phosphates, glycine,
sorbic acid, potassium sorbate, and salts or electrolytes such
as potassium sulfate. Other carriers can be used.

Yet another aspect of the present invention 1s a method of
freating a disease or condition in a mammal treatable by
inhibiting the activity of a monoamine oxidase. The method
comprises the step of administering an effective amount of
the 9-substituted hypoxanthine derivative of the present
invention to the mammal. The amount that 1s an effective
amount can be determined from enzyme assays as an
amount that produces a detectable inhibition of either
monoamine oxidase A or monoamine oxidase B or both
enzymes 1n the enzyme assay used i Example 3.

The most effective mode of administration and dosage
regimen for the 9-substituted hypoxanthine derivatives as
used 1n the methods 1n the present invention depend on the
severity and course of the disease, the patient’s health, the
response to treatment, other drugs being administered and
the response to them, pharmacokinetic considerations such
as the condition of the patient’s liver and/or kidneys that can
affect the metabolism and/or excretion of the administered
9-substituted hypoxanthine derivatives, and the judgment of
the treating physician. According, the dosages should be
fitrated to the individual patient.

Among the diseases and conditions for which monoamine
oxidase inhibitors are clinically indicated are psychological
and psychiatric conditions such as depression, panic
disorders, and obsessive-compulsive disorder; chronic pain
disorders such as diabetic and other peripheral neuropathic
syndromes and fibromyalgia; peptic ulcer and 1rritable
bowel syndrome; chronic fatigue; cataplexy; sleep apnea;
migraine, and Parkinson’s Disease. Such monoamine oxi-
dase mhibitors may also be useful for other conditions.

The mammal can be a human or another socially or
economically important mammal such as a dog, a cat, a
horse, a cow, a p1g, or a sheep. The method of the present
invention 1s not limited to treatment of humans.

Additionally, as detailed in Example 4, compounds
according to the present invention can also be used for
control of obesity. The method comprises the step of admin-
istering an effective amount of the 9-substituted hypoxan-
thine derivative of the present invention to the mammal. The
amount that 1s an effective amount can be determined from
monitoring the weight of the mammal; guidance as to the
ciiective amount 1s also provided by Example 4.

The most effective mode of administration and dosage
regimen for the 9-substituted hypoxanthine derivatives as
used 1n the methods 1n the present invention depend on the
severity and course of the obesity to be treated, the patient’s
health, the response to treatment, the patient’s diet, the
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patient’s level of exercise, other drugs being administered
and the response to them, pharmacokinetic considerations
such as the condition of the patient’s liver and/or kidneys
that can affect the metabolism and/or excretion of the
administered 9-substituted hypoxanthine derivatives, and
the judgment of the treating physician. According, the
dosages should be ftitrated to the individual patient.

The mammal can be a human or another socially or
economically important mammal such as a dog, a cat, a
horse, a cow, a pig, or a sheep. The method of the present
invention 1s not limited to treatment of humans.

Yet another aspect of the present invention 1s a method for
use of the compounds of the present mnvention in reducing
serum cholesterol. The method comprises the step of admin-
istering an effective amount of the 9-substituted hypoxan-
thine derivative of the present invention to the mammal. The
amount that i1s an effective amount can be determined from
assay of cholesterol levels 1n serum. Methods for the deter-
mination of serum cholesterol are well known 1n the art, and
typically involve enzymatic reactions, beginning with the
hydrolysis of cholesteryl esters to produce free cholesterol
and then the oxidation of cholesterol with cholesterol oxi-
dase to yield cholest-4-ene-3-one and hydrogen peroxide.
Various methods can then be used to detect either the
molecular oxygen consumed or the hydrogen peroxide pro-
duced. Such methods are described, for example, 1n N. W.
Tietz, ed., “Clinical Chemistry” (W.B. Saunders Co.,
Philadelphia, 1986), pp. 882—886, incorporated herein by
this reference.

The most effective mode of administration and dosage
regimen for the 9-substituted hypoxanthine derivatives as
used 1n the methods 1n the present invention depend on the
cholesterol level of the patient, the patient’s health, the
response to treatment, the patient’s diet, the patient’s level of
exercise, other drugs being administered and the response to
them, pharmacokinetic considerations such as the condition
of the patient’s liver and/or kidneys that can affect the
metabolism and/or excretion of the administered
9-substituted hypoxanthine derivatives, and the judgment of
the treating physician. Additional guidance 1s also given 1n
Example 5. Accordingly, the dosages should be titrated to
the 1ndividual patient.

The mammal can be a human or another socially or
economically important mammal such as a dog, a cat, a
horse, a cow, a pig, or a sheep. The method of the present
invention 1s not limited to treatment of humans.

Yet another aspect of the present invention 1s a method for
increasing the level of HDL cholesterol in the blood serum
of a mammal comprising the step of administering an
effective amount of a 9-substituted hypoxanthine derivative
according to the present invention to the mammal. The
amount that 1s an effective amount can be determined from
assay of HDL cholesterol levels in serum. HDL cholesterol
can be determined by selective precipitation of VLDL and
LDL with various polyanions, ¢.g., heparin and manganese
chloride, followed by measurement of the cholesterol con-
centration 1n the supernatant containing the HDL. Other
methods are also known in the art.

The most effective mode of administration and dosage
regimen for the 9-substituted hypoxanthine derivatives as
used 1n the methods 1n the present invention depend on the
HDL cholesterol level of the patient, the patient’s health, the
response to treatment, the patient’s diet, the patient’s level of
exercise, other drugs being administered and the response to
them, pharmacokinetic considerations such as the condition
of the patient’s liver and/or kidneys that can affect the
metabolism and/or excretion of the administered
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9-substituted hypoxanthine derivatives, and the judgment of
the treating physician. According, the dosages should be
fitrated to the individual patient.

The mammal can be a human or another socially or
cconomically important mammal such as a dog, a cat, a
horse, a cow, a pig, or a sheep. The method of the present
invention 1s not limited to treatment of humans.

The invention 1s illustrated by the following Examples.
These examples are provided for exemplification only and
are not intended to limit the nvention.

EXAMPLE 1

Condensation of 3-(6-Oxohydropurin-9-yl)
Propanoic Acid with N-Hydroxysuccinimide

As a first step in the synthesis of N-(2-(5-hydroxyindol-
3-yl)ethyl)-3-(6-oxohydropurin-9-yl)propanamide, a deriva-
tive of hypoxanthine, 3-(6-oxohydropurin-9-yl)propanoic
acid, was activated by condensation with
N-hydroxysuccinimide (NHS). The hypoxanthine
derivative, 3-(6-oxohydropurin-9-yl) propanoic acid (30 g)
was reacted with 23.24 g of NHS and 35.7 ¢ of the coupling,
agent dicyclohexylcarbodiimide (DCC) m 550 ml of dry
dimethylformamide (DMF). The resulting mixture was
heated with magnetic stirring 1n an atmosphere of argon 1n
an oil bath (bath temperature 85-90° C.) for 4 hours. The
reaction mixture was used as such for the reaction of
Example 2.

EXAMPLE 2

Synthesis of N-(2-(5-Hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide

The serotonin analogue N-(2-(5-hydroxyindol-3-yl)
ethyl)-3-(6-oxohydropurin-9-yl)propanamide was synthe-
sized by reacting the reaction mixture resulting from
Example 1 directly with serotonin to form the amide link.
Serotonin hydrochloride (36.8 g) was magnetically stirred in
a 500 ml flask with 100 ml dry DMF. To the suspension, 36
ml dry tricthylamine was added. After a few minutes, the
mixture was added to the reaction mixture obtained from
Example 1. The serotonin flask was rinsed with 50 ml
additional dry DMF and added to the reaction mixture.
Heating at an oil bath temperature of 85-90° C. with stirring
was continued for 2 hours. Within 15-20 minutes, the white
slurry became almost homogeneous with a brown color with
some turbidity. After 2 hours, thin-layer chromatography
was performed 1n a solvent of 30% methanol 1n ethyl acetate
with visualization by ultraviolet light. The results are shown

in FIG. 1.

The reaction mixture was cooled to room temperature and
then further cooled 1n an 1ce/water bath for 30 minutes. The
precipitated dicyclohexylurea was filtered off and saved. The
filtrate was evaporated to dryness (7120 g).

The evaporated filtrate was disolved 1n 1000 ml methyl
alcohol and to 1t 200 g S10., was added. The mixture was
evaporated to a dry powder and this was added on the top of
a column made from 1.5 kg S10,, gel 1n ethanol. The column
was e¢luted with the following sequence of solvents: (1) 4
liters of 5% methanol in ethyl acetate in 1-liter fractions; (2)
14 liters of 10% methanol 1n ethyl acetate in 1-liter fractions;
(3) 10 liters of 25% methanol in ethyl acetate in 1-liter
fractions; (4) 24 liters of a 2:1 mixture of ethyl acetate and
methanol in 2-liter fractions; and (5) 18 liters of a 1:1
mixture of ethyl acetate and methanol in 1-liter fractions.
Solvent flow and elution was quite slow as the product,
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deposited as a solid on the top of the column, was sparingly
soluble 1n the eluting solvent system. The desired product
started to elute at solvent (4) (ethyl acetate:methanol, 2:1).
Each fraction was checked by thin-layer chromatography in
30% methanol 1n ethyl acetate. The fractions containing the
desired material were pooled together and evaporated under
rotary evaporation 1n a large evaporator. When the volume
was reduced to about 1.5 liters, solid crystals that appeared
were separated. The crystals were filtered and dried at 50° C.
overnight under service line vacuum. The yield was 24 ¢.
The melting point as 240-242° C. (sharp). Purity was
estimated as greater than 96% by thin-layer
chromatography, melting point, and NMR spectral analysis.
thin-layer chromatography on S10, 1n a mixture of methanol
and ethyl acetate (3:7), with visualization by ultraviolet. A
single spot with an Rf of 0.35 was seen.

EXAMPLE 3

Inhibition of Monoamine Oxidase A and B by N-
(2-(5-Hydroxyindol-3-yl)ethyl)-3-(6-oxohydropurin-
9-yl)propanamide

Experiments were carried out to determine whether the
serotonin analogue N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide (AIT-202) inhibited
monoamine oxidases A and B. These experiments were
performed as follows:

Mice (3—5 mice) were sacrificed by cervical dislocation.

The brains were 1solated and placed immediately 1 10 ml
cold isolation medium (IM) (500 uM EDTA, 5 mM HEPES,

0.25 M sucrose, and 10 mg/L bovine serum albumin (BSA)).
The brains were minced and rinsed twice with 10 mL IM.
The brains were then homogenized (5—6 strokes) in 10 mL
IM. A volume (20 mL) of IM was then added and the
homogenized preparation was centrifuged 810 minutes at
600xg at 4° C. The supernatant was transferred to a new
tube. The pellet was resuspended 1n 30 mL IM and centri-
fuged again for 8 minutes at 600xg at 4° C. The supernatant
was transferred to a new tube and the pellet discarded. Both
supernatants were centrifuged for 10 min at 12,000xg at 4°
C. The supernatant was discarded, the pellet was dislodged
with a glass rod, and both pellets were resuspended 1n 5 mL
IM and combined. A volume of IM (20 mL) was added and
the suspension centrifuged for 10 min at 12,000xg at 4° C.
The supernatants were discarded. The pellets were dislodged
with a glass rod and resuspended mm 2—4 mL IM and stored
on wet 1ce during the course of the experiments.

The compounds tested were predissolved in dimethyl
sulfoxide (DMSO) and further diluted with water as
required.

For the enzyme assays, 1.0 mL to 1.5 mL 50 mM sodium
phosphate, pH 7.4 containing 5 uM scopoletin and 2 U/mL
horseradish peroxidase) were aliquoted in the wells of a
Falcon 24-well plate (reaction mixture or RM). Mitochon-
drial protein (0.22-0.24 mg/mL final concentration) was
added, and the reaction mixtures were preincubated approxi-
mately 6 minutes with 16 4M pargyline (monoamine 0OXi-
dase B inhibitor) and 166 uM clorgyline (monoamine 0OXi-
dase A inhibitor) or 2-150 uM of the tested serotonin
analogue or the corresponding volume of water containing
1-5% DMSO respectively at 37° C. The preincubation was
carried out in the Cytofluor® 4000 (PerSeptive Biosystems)
and the baseline fluorescence at »__=360 nm and i __=460
nm was recorded. After 6 min, the reading was interrupted
and 150-166 uM tyramine (monoamine oxidase A and
monoamine oxidase B substrate) or the corresponding



US 6,303,617 Bl

9

amount of water were added according to the plate layout.
The reading was continued for approximately 30 minutes at
3-minute intervals. The rate of the fluorescence decrease
during this time was used to determine the effect of the
tested compounds on the catalytic activity of both enzyme
1soforms. Each plate contained a positive control containing
the mhibitors for monoamine oxidase A or B respectively as
well as a negative control without enzyme substrate. All
determinations were 1n duplicates on the plate.

Determination of the protein concentration was carried
out according to the manufacturer’s instructions (Sigma, St.
[ouis, Mo.) for the bicinchoninic acid (BCA) protein deter-

mination.

The results are shown 1n FIGS. 2 and 3. For comparison,
the experiments for which the results are shown 1n FIGS. 2
and 3 also included the 9-substituted hypoanthine deriva-
tives that are dopamine analogues, N-(2-(3,4-
dihydroxyphenyl)ethyl)-3-(6-oxohydropurin-9-yl)
propanamide (designated as AIT-203); N-(2-hydroxy-2-(3,
4-dihydroxyphenyl))ethyl-3-(6-oxohydropurin-9-yl)
propanamide (designated as AIT-297); and N-(1-carboxyl-
2-(3,4-dihydroxyphenyl))ethyl-3-(6-oxohydropurin-9-yl)
propanamide (designated as AIT-201). For the results
presented 1n FIG. 2, the reaction mixture contained 150 uM
substrate (tyramine) and 0.22 mg/mL mitochondrial protein.
For the results presented in FIG. 3, the reaction mixture
contained 166 uM substrate (tyramine) and 0.24 mg/mL
mitochondrial protein.

The IC., 1s estimated at 2.0 uM for this compound. Lyles
et al. (J. Pharm. Pharmac. 26: 921-930 (1974)) reported an

IC., of approximately 1.5 uM using rat heart mitochondria
and tyramine as substrate.

This 1ndicates a significant effect of the serotonin ana-
logue on the catalytic activity of monoamine oxidase A and
B. This 1s particularly important because a drug currently
available for treatment of Parkinson’s disease, a disease of
dopaminergic neurons, selegiline, which has the chemical
name (R)-(-)-N-2-dimethyl-N-2-propynyl-
phenylethylamine hydrochloride, 1s a monoamine oxidase
type B inhibitor. Moreover, this result 1s unexpected.

EXAMPLE 4

Activity of N-(2-(5-Hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide in Controlling
Obesity

The activity of N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide (AIT-202) in controlling
obesity 1n mice was tested. Mice from the existing animal
colony of NeoTherapeutics (Irvine, Calif.) which were natu-
rally obese (greater than 45 grams in weight) were treated
with N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-oxohydropurin-
9-yDpropanamide daily orally by gavage for 14 days. The
mice were dosed with one of three doses of N-(2-(5-
hydroxyindol-3-yl)ethyl)-3-(6-oxohydropurin-9-yl)
propanamide or vehicle (0.5% methylcellulose). Their
welght and food consumption were monitored daily.

The results are shown 1n FIG. 4. There appears to be
benefit to treatment with N-(2-(5-hydroxyindol-3-yl)ethyl)-
3-(6-oxohydropurin-9-yl)propanamide in obese mice.

EXAMPLE 5

Activity of N-(2-(5-Hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide in Lowering Total
Serum Cholesterol and 1n Raising HDL Cholesterol

The activity of N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide (AIT-202) in lowering
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total serum cholesterol was tested in mice. Mice (5 mice)
were administered N-(2-(5-hydroxyindol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide orally at a dosage of 300
mg/ke body weight for 24 hours before cholesterol deter-
mination. Total serum cholesterol was determined by stan-
dard methods. By comparison with a control group that did
not have the 9-substituted hypoxanthine derivative
administered, total serum cholesterol was decreased by 18%
after administration of the derivative. A decrease of 15% or
more 1s consldered significant 1n this test.

To confirm this finding and to show that N-(2-(5-
hydroxyindol-3-yl)ethyl)-3-(6-oxohydropurin-9-yl)
propanamide acts to raise HDL cholesterol, which protects
against cardiovascular disease, Swiss Webster mice were fed
a high cholesterol diet or a normal diet for 7 days. On days
6 and 7 the mice were given the compound N-(2-(5-
hydroxyindol-3-yl)ethyl)-3-(6-oxohydropurin-9-yl)
propanamide (AI'T-202), a positive control (bezafibrate), or

a vehicle. The animals were fasted overnight and on day 8
trunk blood was collected. Total cholesterol and HDL cho-

lesterol were measured 1n serum.

The results from a representative experiment are shown 1n
FIG. 5. These results indicate that N-(2-(5-hydroxyindol-3-
ylethyl)-3-(6-oxohydropurin-9-yl)propanamide both low-
ers total serum cholesterol and raises HDL cholesterol in a
representative animal model.

ADVANTAGES OF THE INVENTION

The 9-substituted hypoxanthine derivatives of the present
invention cross the blood-brain barrier efficiently and selec-
fively and have unexpected activity as monoamine oxidase
inhibitors. These derivatives therefore have use in treating
conditions and diseases treatable with monoamine oxidase
inhibitors. These derivatives also have other uses, such as in
controlling obesity, lowering serum cholesterol levels, and
increasing HDL cholesterol levels in serum.

Although the present mvention has been described with
considerable detail, with reference to certain preferred ver-
sions thereof, other versions and embodiments are possible.
Therefore, the scope of the invention 1s determined by the
following claims.

What 1s claimed 1s:

1. A 9-hypoxanthine derivative of formula (I) wherein the
compound is N-(2-(5-hydroxyindol-3-yl)ethyl)-3-
propanamide, where n 1s 2, R, 1s H, and R, 1s OH.

2. A pharmaceutical composition comprising:

(a) an effective amount of a 9-substituted hypoxanthine

derivative of formula (I) where n is an integer from 1
to 6, R, 1s selected from the group consisting of H,
COOH, and COOW,, where W, 1s selected from the
group consisting of lower alkyl, amino, and lower
alkylamino, and R, 1s selected from the group consist-

ing of H and OH; and

(b) a pharmaceutically acceptable carrier.

3. The pharmaceutical composition of claim 2 wherein the
9-substituted hypoxanthine derivative 1s the compound of
formula (I) wherein n is 2.

4. The pharmaceutical composition of claim 3 wherein the
9-substituted hypoxanthine derivative is N-(2-(5-
hydroxyindol-3-yl)ethyl)-3-(6-oxohydropurin-9-yl)
propanamide.

5. The pharmaceutical composition of claim 3 wherein the
9-substituted hypoxanthine derivative is N-(2-(indol-3-yl)
ethyl)-3-(6-oxohydropurin-9-yl)propanamide.

6. The pharmaceutical composition of claim 3 wherein the
9-substituted hypoxanthine derivative is N-(1-carboxyl)-(2-
(5-hydroxyindol-3-yl)ethyl-3-(6-oxohydropurin-9-yl)
propanamide.
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7. A method of treating a disease or condifion 1n a
mammal treatable by inhibiting the activity of a monoamine
oxidase comprising the step of administering an effective
amount of a 9-substituted hypoxanthine derivative of for-
mula (I) where n is an integer from 1 to 6, R 1s selected from
the group consisting of H, COOH, and COOW,, where W,
1s selected from the group consisting of lower alkyl, amino,
and lower alkylamino, and R, 1s selected from the group
consisting of H and OH to the mammal.

8. The method of claim 7 wheremn the 9-substituted
hypoxanthine derivative i1s the compound of formula (I)
wherein n 1s 2.

9. The method of claim 8 wherein the 9-substituted
hypoxanthine derivative is N-(2-(5-hydroxyindol-3-yl)
ethyl)-3-(6-oxohydropurin-9-yl)propanamide.

10. The method of claim 8 wherein the 9-substituted
hypoxanthine derivative is N-(2-(indol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide.

11. The method of claim 8 wherein the 9-substituted
hypoxanthine derivative 1s N-(1-carboxyl)-(2-(5-
hydroxyindol-3-yl)ethyl-3-(6-oxohydropurin-9-yl)
propanamide.

12. A method of treating obesity in a mammal comprising
the step of administering an effective amount of a
9-substituted hypoxanthine derivative of formula (I) where
n 1s an 1mteger from 1 to 6, R, 1s selected from the group
consisting of H, COOH, and COOW,, where W, 1s selected
from the group consisting of lower alkyl, amino, and lower
alkylamino, and R, 1s selected from the group consisting of
H and OH to the mammal.

13. The method of claim 12 wherein the 9-substituted
hypoxanthine derivative i1s the compound of formula (I)
wherein n 1s 2.

14. The method of claim 13 wherein the 9-substituted
hypoxanthine derivative is N-(2-(5-hydroxyindol-3-yl)
ethyl)-3-(6-oxohydropurin-9-yl)propanamide.

15. The method of claim 13 wherein the 9-substituted
hypoxanthine derivative is N-(2-(indol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide.

16. The method of claim 13 wherein the 9-substituted
hypoxanthine derivative 1s N-(1-carboxyl)-(2-(5-
hydroxyindol-3-yl)ethyl-3-(6-oxohydropurin-9-yl)
propanamide.
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17. A method of lowering the level of serum cholesterol
iIn a mammal comprising the step of administering an
clfective amount of a 9-substituted hypoxanthine derivative
of formula (I) where n is an integer from 1 to 6, R, 1is
selected from the group consisting of H, COOH, and
COOW,, where W, 1s selected from the group consisting of
lower alkyl, amino, and lower alkylamino, and R, 1s selected
from the group consisting of H and OH to the mammal.

18. The method of claam 17 wherein the 9-substituted
hypoxanthine derivative is the compound of formula (I)

wherein n 1s 2.
19. The method of claim 18 wherein the 9-substituted

hypoxanthine derivative is N-(2-(5-hydroxyindol-3-yl)
ethyl)-3-(6-oxohydropurin-9-yl)propanamide.

20. The method of claim 18 wherein the 9-substituted
hypoxanthine derivative is N-(2-(indol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide.

21. The method of claim 18 wherein the 9-substituted
hypoxanthine derivative is N-(1-carboxyl)-(2-(5-
hydroxyindol-3-yl)ethyl-3-(6-oxohydropurin-9-yl)
propanamide.

22. A method for increasing the level of HDL cholesterol
in the blood serum of a mammal comprising the step of
administering an effective amount of a 9-substituted hypox-
anthine derivative of formula (I) where n is an integer from
1 to 6, R, 1s selected from the group consisting of H, COOH,
and COOW,, where W, 1s selected from the group consist-
ing of lower alkyl, amino, and lower alkylamino, and R, 1s
selected from the group consisting of H and OH.

23. The method of claim 22 wherein the 9-substituted
hypoxanthine derivative i1s the compound of formula (I)
wherein n 1s 2.

24. The method of claim 23 wherein the 9-substituted
hypoxanthine derivative i1s N-(2-(5-hydroxyindol-3-yl)
ethyl)-3-(6-oxohydropurin-9-yl)propanamide.

25. The method of claim 23 wherein the 9-substituted
hypoxanthine derivative is N-(2-(indol-3-yl)ethyl)-3-(6-
oxohydropurin-9-yl)propanamide.

26. The method of claim 23 wherein the 9-substituted
hypoxanthine derivative is N-(1-carboxyl)-(2-(5-
hydroxyindol-3-yl)ethyl-3-(6-oxohydropurin-9-yl)
propanamide.
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